The distribution of arbitrarily-classed large (~>4 mm dia.) and small (<4 mm dia.) follicles between the ovary with the lesser number of corpora lutea and the ovary with the greater number of corpora lutea was studied in pregnant cows, sows and ewes. At mid-pregnancy in the cow, numbers of large follicles reached a low level and remained at that level to the end of pregnancy on the ovary that contained a corpus luteum; the number of large follicles did not decrease until late pregnancy on the ovary without a corpus leuteum. In the pregnant ewe, large follicles were present only at days 7 and 3 5, at which times they were present in greater numbers on the ovary containing a corpus luteum. At days 75 and 120 of gestation in ewes, the volume of small follicles was less for the ovary contffining a corpus luteum. In the sow, the ovary with the greater" number of corpora lutea also possessed the greater number of small and total follicles throughout pregnancy.
The distribution of arbitrarily-classed large (~>4 mm dia.) and small (<4 mm dia.) follicles between the ovary with the lesser number of corpora lutea and the ovary with the greater number of corpora lutea was studied in pregnant cows, sows and ewes. At mid-pregnancy in the cow, numbers of large follicles reached a low level and remained at that level to the end of pregnancy on the ovary that contained a corpus luteum; the number of large follicles did not decrease until late pregnancy on the ovary without a corpus leuteum. In the pregnant ewe, large follicles were present only at days 7 and 3 5, at which times they were present in greater numbers on the ovary containing a corpus luteum. At days 75 and 120 of gestation in ewes, the volume of small follicles was less for the ovary contffining a corpus luteum. In the sow, the ovary with the greater" number of corpora lutea also possessed the greater number of small and total follicles throughout pregnancy.
Differences associated with stage of gestation in all three species were characterized by changes in the distribution of follicles between large and small sizes and not in the total number of follicles. Large follicles were least evident in late pregnancy in all ~hree species, and were also present in low numbers early in gestation in the cow and sow. 
INTRODUCTION
Corpora lutea on an ovary may modify the pattern of growth and atresia of follicles on the same ovary. In ewes the ovary that contained the corpus luteum had greater follicular development than the ovary that contained no corpus luteum (Dufour et al., 1971 (Dufour et al., , 1972 . In sows the ovary that contained the greater number of corpora lutea had a greater number of follicles and greater follicular fluid weight than the other ovary (Clark et aL, 1971) . In addition the ovary that contained the greater number of corpora lutea had fewer atretic follicles (Clark, 1972) . Such positive associations were diminished during the follicular phase of the estrous cycle (Harned, 1973 ; Clark et al., 1971) . The purpose of the present study was to evaluate the relationship between the number of corpora lutea and number of follicles on the same ovary in the cow, sow and ewe. This study was conducted on pregnant animals to eliminate the possibility that such relationships might be caused by stimulation of both ovulatory and non-ovulatory follicles on an ovary at the prior estrus as may be the case during the cycle.
MATERIALS AND METHODS

Pregnant Cows.
Ovaries from 100 pregnant, commercial-grade Holstein cows slaughtered at Oscar Mayer and Company, Madison, Wisconsin, were classified as coming from cows representing six stages of gestation. The stages of gestation were estimated by the crown-rump lengths of fetuses, using as standards the crown-rump lengths of fetuses from other cows of known days of gestation (Rexroad et al., 1974) . The first four stages represented the first four months of pregnancy while the fifth stage represented the fifth and sixth months of pregnancy combined. The sixth stage included the remainder of pregnancy (table 1) were counted and the volume of the fluid in the large (~>4 mm in dia.) or small follicles (<4 mm in dia.) in the ovary was determined by aspiration of the follicular fluid into a calibrated test tube. Data were transformed to log10 (X + 1) for statistical analysis to lessen the correlation between means and variances. Data were analyzed by the method of weighted squares of means for factorial design with the presence or absence of a corpus luteum in an ovary as the two levels of the first factor and the six stages of pregnancy as the levels of the other factor. Sums of squares for single degree of freedom contrasts were calculated by the method of orthogonal polynomials (Steel and Torrie, 1960) .
Pregnant Sows. Ovaries were obtained from 79 pregnant sows of mixed breeding slaughtered at Oscar Mayer and Company, Madison, Wisconsin. Three sows were considered to have cystic ovaries, based on their "follicular weight, and were excluded from the study 9 The sows were classified as being in one of four stages of pregnancy (approximate months, table 3) based on the average crown-rump length of the two fetuses nearest the cervix and the age-fetus length data of Warwick (1928) 9 Characteristics measured in this study were numbers of total, large and small follicles and weight of fluid in small follicles.
Stage differences were analyzed in a one-way analysis of variance 9 Associations of number of corpora lutea, follicular number and fluid weight were analyzed by correlation and regression analysis (Dixon and Massey, 1969) .
Pregnant Ewes. Seventy ewes of Columbia, Dorset, Hampshire, Suffolk and Targhee breeding were assigned at random, disregarding breed, to be slaughtered at one of four stages of pregnancy: 7, 35, 75 or 120 days. Only 33 ewes were actually studied. Twenty were discarded because they did not conceive at the first or second estrus after being assigned to the study and 17 were not used because they ovulated bilaterally. Ewes of the different groups were slaughtered in reverse order to the time of breeding; this was done to minimize the confounding of stage of pregnancy with season at the time of necropsy. The day-120 group was bred in November while the day-8 group was bred in January.
Ovarian measurements were numbers of total, large and small follicles. Large follicles were greater than 4 mm in diameter. The volume of small follicles in an ovary was calculated from follicular diameters assuming a spherical shape for follicles. Volumes were transformed to logt 0 X to lessen the correlation of means and variances. The data were analyzed by unweighted means analysis of variance for a two factor design. The two levels of the first factor were the presence or absence of corpora lutea in an ovary, and the four levels of the second factor were the stages of pregnancy.
RESULTS AND DISCUSSION
Pregnant
Cows. Ovaries with or without a corpus luteum contained a similar number of large follicles in each of the first two and last two stages of pregnancy (table 1). In the third and fourth stages, the number of follicles in the ovary with a corpus luteum had declined to a number similar to that found in the last two stages of pregnancy. In contrast, the ovary without a corpus luteum contained its greatest number of large follicles in the third and fourth stages (P<.05 ; table 1; table 2, line 7) .
The number of large follicles in cows did not decline consistently through pregnancy, as there tended to be more large follicles in the second stage of pregnancy than in the first (table 1; table 2, line 1) . This increase will be related to observations in the sow.
The number of small follicles was reciprocally related to the number of large follicles; thus, the number of small follicles was higher (P<.05) in late than in early pregnancy while the total number of follicles was unaffected (P>.05) by stage (table 1 ; table 2, lines 3 and 2-6). Ovaries with and without a corpus luteum contained similar numbers of small follicles; however, the ovary with a corpus luteum had less volume (P<.05) in its small follicles (table 1 ; table 2 , line 1).
The earlier decrease in number of large follicles on the ovary with a corpus luteum could result from an inhibition of the growth of small follicles and thus atresia at a smaller size. Alternatively, follicles may grow faster on the ovary containing a corpus luteum and thus reach more rapidly the size at which they undergo atresia. Dufour et al. (1971) have demonstrated that in the ewe during the estrous cycle follicles grow more rapidly on the ovary containing a corpus luteum. The decreased volume in small follicles on the ovary containing a corpus luteum does not serve to distinguish between these alternatives. Studies of follicular kinetics in mice using granulosa cell labelling with tritiated thymidine support the view that follicles do not "rest" but are either growing or undergoing atresia (Pedersen and Peters, 1971) , Studies on the life histories of single follicles are needed to distinguish between atresia at smaller sizes and a more rapid turnvover of large follicles. Pregnant Sows. The number of large follicles increased (P<.05) from the first stage to the second stage of pregnancy and declined (P(.01) from the first half to the second half of pregnancy (table 3 ; table 4 , lines 1 and 2). The number of small follicles tended to increase from early to late pregnancy (table 3 ; table 4 , line 1) and thus was reciprocally related to the number of large follicles, as the total number of follicles changed little during pregnancy.
Correlations and regression of numbers of follicles in the different size-classes with the number of corpora lutea on the same ovary of sows were not affected significantly by stages (table 5, footr~ote a). The ovary with the greater number of corpora lutea (average 3.22 greater) had more total and small follicles (both P<~.05) in all stages than the ovary with the lesser number of corpora lutea (table 5, lines 1 and 3). However, the ovary with the greater number of corpora lutea had less fluid weight in its small follicles in the first three stages, thus the average size of follicles in the small classification was less in the ovary with more corpora lutea (table 5, line 4). In the last stage more small follicles and greater fluid weight was present in the ovary with the greater number of corpora lutea.
Sows with greater numbers of corpora lutea had more follicles in both size classes and more fluid weight in their small folicles (table 5, lines 1-4).
The positive correlation of number of corpora lutea and number of follices on the same ovary could arise from a greater production of follicles, and subsequently corpora lutea, by left than right ovaries. Warwick (1928) has reported a greater ovulation rate for left ovaries of swine; however, Bhalla et al. (1969) found no difference in number of follicles between left and right ovaries. Positive correlations among sows for number of follicles with number of corpora lutea could arise from the ovulation rate being proportional to the number of follices. The same may be true between ovaries, regardless of left-right location of the ovary. Alternatively, increased numbers of follicles could result from decreased atresia of prevesicular follicles, which has been shown in the rabbit to be a direct effect of progesterone on both prevesicular and preovulatory follicles (Wallach and Noreiga, 1970) . Failure to find a positive correlation between number of large follicles and number of corpora lutea on the same ovary, when the correlation existed with small follicles, may be due to a balance between faster growth rates and increased atresia of the large follicles.
Pregnant Ewes. The number of large follicles decreased between early and late pregnancy, while the number of small follicles increased (P<.05 , table 6; table 7 , line 2). The total number of follicles increased (P<.05) from day 7 to day 35 (table 6; table 7 , line 3) due largely to the increase in small follicle number from the noticeable low at day 7 (table 7) . Day 7 was earlier than any stage of pregnancy studied in other species, and the low number of follicles at this time is presumably due to the massive atresla of follicles at the previous estrus (Allen et al., 1925; Mandl and Zuckerman, 1952) .
The ovary with the corpus luteum contained the greater number (P<.05) of large follicles (table 6; table 7 , line 1). In late pregnancy the ovary with a corpus luteum had less volume (P<.05) in the small follicles (table 6; table 7 , line 2). The ovary with a corpus luteum had less volume in small follicles at day 7 of pregnancy, but more volume (table 7, line 6) in small follicles (P<.05) at day 35.
The larger follicles in early pregnancy in the ovary containing a corpus luteum could have resulted from increased growth rates of follicles with the follicle sizes being sampled before atresia had set in. This is particularly true at day 7, when follicle sizes are increasing on both ovaries (Williams et al., 1956) . Support for an increased rate of growth of some follicles from the small to the large category is supported by a decreased average size of the follicles in the small category in the ovary with a corpus luteum present at day 7. At day 35, follicles in the small category were larger on the ovary with a corpus luteum present when the average size of all follicles on the ovaries was decreasing. The lesser volume in follicles at days 75 and 120 on the ovary containing a corpus luteum could have been due either to inhibition of growth of follicles or to a more rapid turnover of follicles due to increased atresia of the largest follicles present.
General Discussion
Effect of Stage of Pregnancy. The decrease in large follicles during pregnancy as seen in this study has been reported before for these species (Nalbandov and Casida, 1938; Burger, 1952; Cloete, 1939; Williams et al., 1956) . Fewer large follicles are probably due to the increased secretion of placental or non-ovarian estrogen late in pregnancy, with the high estrogen level suppressing the production and/or release of gonadotropins. Estrogens in the urine have been reported to be high late in pregnancy in all three species (Turner et al., 1930; Roth et al., 1941 ; Erb et al., 1968) . Relatively low numbers of large follicles were seen in the first stage of pregnancy in the sow and cow. Estrogen levels are also high in these species in early gestation (sow urine: Roth et al., 1941; cow plasma: Wetteman and Hafs, 1973) . In spite of changing numbers of large follicles, the number of total visible vesicular follicles appeared to be constant throughout pregnancy in the sow and cow. In the ewe the number of follicles was low at day 7, perhaps due to massive atresia of follicles at the preceding estrus (Allen et al., 1925; Mandle and Zuckerman, 1952) , but numbers were similar in the last three stages. Changes in follicular development with stage of pregnancy were due not to changes in the number of visible follicles but to a change in their distribution between large and small sizes. These observations show that follicle growth to a small but vesicular size is relatively unaffected by changes during pregnancy.
Effect of Corpora Lutea. Positive associations of number of corpora lutea and number or size of follicles on an ovary during the luteal phase of the estrous cycle (Dufour et al., 1971 (Dufour et al., , 1972 Clark et al., 1971) might be explained by a common stimulation of both ovulatory and non-ovulatory follicles at the preceding estrus and thus may not be a direct effect of the corpora lutea on follicles. In the present study associations of number or size of follicle and number of corpora lutea on the same ovary were shown to be present throughout pregnancy (sow), to be positive in early pregnancy and negative in late pregnancy (ewe) and to be negative in mid-pregnancy (cow). In the sow there were more follicles present on the ovary that contained the greater number of corpora lutea throughout pregnancy. This association may be due to either local influence of the corpora lutea on follicle growth or due to differences in the two ovaries of a sow for production of both follicles and corpora lutea. In the ewe more large follicles were present at days 7 and 35 on the ovary containing a corpus luteum, while at days 75 and 120 the average size of follicles was smaller on the ovary bMean squares are log 10 (X).
Cl 5 df for large follicle numbers. Comparisons were made only for first two stages studied as only one ewe had large follicles in the last two stages. *P<.05.
containing a corpus luteum. In the cow the effect of the presence of a corpus luteum also depended on stage, thus in mid-pregnancy there was more atresia of large follicles on the ovary containing a corpus luteum. Interactions of stage of pregnancy with the presence of the corpus luteum on an ovary suggests that the effect of the corpus luteum is dependent on other factors such as the circulating levels of gonadotropins and is not a single effect brought about at the preceding estrus. The corpora lutea may act on follicles to alter their growth rates to result in atresia at a smaller size or to increase their rate of growth to a large size at which they become atretic thus increasing their turnover-rate.
Studies following the life histories of single follicles are needed to discern between atresia at smaller sizes as opposed to increased turnover rates, Also needed are studies to determine the mechanism by which the corpora lutea exert their effect. One possibility is locally high concentrations of progesterone. Progesterone has been shown to alter growth and atresia of follicles in rabbits (Wallach and Noreiga, 1970) and has been implicated as having a role in the ovulatory process (Rondell, 1974) .
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